Streptococcus sanguis on media containing 3% sucrose gives rise to characteristic hard cohesive colonies (designated Spp+). Populations of Spp+ bacteria (strain Challis) on sucrose media switch to a soft noncohesive phenotype (designated Spp-) at a frequency of 10-4 to 10-3. Spp-bacteria switch back to Spp+ bacteria at a similar frequency. Successive rounds of Spp variation were observed. The Spp phenotypic switch was associated with changes in extraceliular glucosyltransferase activity.
Streptococcus sanguis is one of the first bacteria to colonize newly erupted or freshly cleaned tooth surfaces (3, 30) . Although strains of S. sanguis have been shown to induce low levels of fissure caries in gnotobiotic rats fed high-sucrose diets (8, 9) , they are not considered significantly cariogenic in humans. The involvement of S. sanguis in human subacute bacterial endocarditis, however, is common (1) , and the onset of such infections sometimes can be related to transient bacteremias deriving from dental trauma.
The production of extracellular polysaccharides (i.e., glucans and fructans) by S. sanguis, as well as other oral streptococci such as Streptococcus mutans, is well known. The enzymes which use sucrose (i.e., glucosyltransferases [GTFs] and fructosyltransferases [FTFs] ) to generate such polymers have been identified and at least partially characterized (4, 5, 10, 12-16, 18, 20, 22, 28) . Extracellular glucan formed by S. mutans appears to enhance colonization on tooth surfaces in vivo, whereas the role of extracellular glucan produced by S. sanguis is not clear (11) .
When grown on solid media containing high concentrations of sucrose (i.e., 3 to 5%), colonies of S. mutans and S. sanguis exhibit characteristic colony morphologies. In the case of S. sanguis, the colonies are usually hard and cohesive and adhere firmly to the surface of the agar. It is presumed that glucan production is necessary for this colony type (2, 6, 23 [18] ) and activity gel assays (21, 26, 32) to detect both extracellular GTF and FTF activities. Batch cultures of Spp+ and Spp-Challis derivatives, each derived from its previous opposite phenotype, were grown at 37°C to late log phase in 100 ml of THB with 1 mM phenylmethylsulfonyl fluoride to inhibit protease activity. The final cell densities, as determined with a Klett-Summerson colorimeter (no. 54 filter), were 150 Klett units. Viability counts of 1.25 x 109 CFU/ml, cell dry weights of 0.4 mg/ml, and supernatant protein concentrations of 30 mg/ml (based on A280) did not differ significantly among cultures (Student's t test). For the [14C-glucose]sucrose incorporation GTF activity assay procedure, 0.3 ml of filter-sterilized supernatant was assayed as described by Kuramitsu (18) . For the GTF and FTF activity gel assays, 0.05 ml of culture supernatant was mixed with an equal volume of 2.5 x loading buffer containing sodium dodecyl sulfate (19) . The mixtures were heated for 5 min in a boiling water bath and stored at -20°C. Samples were subjected to sodium dodecyl sulfate-8.75% polyacrylamide gel electrophoresis as described by Laemmli (19) . The gel was then incubated overnight at 37°C in 0.5% Triton X-100 and 3% sucrose to facilitate GTF and FTF enzymatic formation of glucan and fructan, respectively (26) . The gel was stained for glucan and fructan bands by the periodic acid-Schiff method (32) . Molecular weight standards (Bio-Rad Laboratories) were run on the same gel (data not shown).
The results of the [14C-glucose]sucrose incorporation procedure (Fig. 1A) show that levels of extracellular GTF activity of Spp+ culture supernatants were more than threefold higher (P > 0.05 by Student's t test) than the GTF activity levels of Spp-culture supernatants. The attenuation of extracellular GTF levels of wild-type strains correlates with the Spp-phenotype. The GTF activity levels of the Spp-variants CH1A8 and CHlCl were notably lower than (Fig. 1A) . Although these experiments used substrate with only the glucose moiety labeled, uniformly labeled sucrose gave rise to similar data. In addition, insoluble polysaccharide (i.e., polysaccharide that collected on filter membranes without prior methanol precipitation [18] ) was found to vary similarly and represented about 10 to 20% of the total polysaccharide.
The production of extracellular GTF and/or FTF activity by the same Spp+ and Spp-culture supernatant derivatives described above was examined by activity gel assays. S. mutans LM7 (serotype e) was used as a control; the sizes of its GTF and FTF enzymes have been reported previously (21) . Strain LM7 excreted a GTF of 161 kilodaltons (kDa) and two FTFs of 96 and 83 kDa (Fig. 1B, lane 6) corresponding to the bands of activity described by Mukasa (21) . Extracellular GTF activity was confined to a single band of 170 kDa for S. sanguis Challis and its derivatives (Fig. 1B,   lanes 1 through 5) . Supernatants of the Spp+ variants (Fig.  1B, lanes 3 and 5) have GTF activity bands of greater intensity than those of the Spp-variants (Fig. 1B, (16, 17) indicating that a high Na+/K+ ratio in the medium, which is the case for the THB medium used in the present study, can greatly reduce FTF activity of S. sanguis. The GTF band of strain Challis resembles the 174-kDa activity band reported for S. sanguis 10558 by Grahame and Mayer (13) , who observed significant aggregation of this enzyme. They also reported that proteolytic activity from the culture could result in a 156-kDa form. In our experiments, proteolytic activity was minimized by growing the cells in a protease inhibitor (phenylmethylsulfonyl fluoride), and sodium dodecyl sulfate was used to eliminate aggregate formation during gel electrophoresis. The presence of 5 or 500 mg of dextran (Sigma Chemical Co.; average molecular weight of 10,000) per ml as a primer for polymer formation in the gel made no difference in the appearance of the bands (data not shown), a result consistent with other reports indicating that dextrans do not appear to prime the GTFs of S. sanguis (16, 17, 31) . Indeed, highermolecular-weight dextrans were reported to be inhibitory. Therefore, using two different assays for GTF activity, we show a correlation between the Spp phase variation and levels of extracellular GTF.
We believe this variation represents a novel phenomenon distinct from that reported by Donkersloot and Flatow (7) , which described variants of S. sanguis Challis (which contained the S. mutans plasmid pVA380). Their variants of strain Challis displayed increased levels of extracellular GTF in comparison with wild-type Challis levels, whereas our variants (Spp-) had decreased levels of extracellular GTF. Also, their variants were distinguishable by expression of different hemolytic activities on Columbia horse blood agar. We observed no differences in hemolytic activity on Columbia horse blood agar between our Spp+ and Spp-variants. Finally, their variants were distinguishable by the presence of different chain lengths, whereas we observed no differences in chain length.
The nature of the Spp phase variation remains to be determined. The involvement of DNA rearrangements which somehow control GTF expression is one reasonable possibility analogous to mechanisms of gram-negative bacterial phase and antigenic variation (25) . Alternatively, mechanisms such as those involving frameshift mutations (27) could be involved. A recombinational phenomenon involving two gtfgenes in S. mutans GS-5 is believed to be related to spontaneously appearing colonization-defective mutants, but the phenomenon is not known to be reversible (29) . A genetic analysis of the reversible GTF-related Spp switch reported here is presently in progress.
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